This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



THIS PAGE BLANK (uspto) 




PCT/GB 0 0 /03 64 8 




• o 



INVESTOR IN PEOPLE 



PRIORITY 
DOCUMENT 



The Patent Office 
Concept House 




Cardiff Road 
Newport 



SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR (b) 



recd 2 6 OCT 2000 



South Wales 
NP10 8QQ 



WIPO 



PCT 



10/Q889H 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
ubjects the company to certain additional company law rules. 



Signed V-A 




Dated q Ottohtf (£000 



An Executive Agency of the Department of Trade and Industry 




Patents Form 1/77 



Patents Act 1977 
(Rule 16) 



The 

latent 
ice 





Request for grant of a patent 

(See the notes on the back of this form. You can also get 
an explanatory leaflet from the Patent Office to help 
you fill in this form) 



Ml/7700 0.00 - 9922678.9 

The Patent Office 

Cardiff Road 
Newport 
GwentNP9 1RH 



1 . Your reference 



6/LC/11856 



2. Patent application number 

(The Patent Office will fill in this part) 

3. Full name, address and postcode of the or ot 
each applicant (underline all surnames) 



9922678.9 



Wivenhoe Technology Limited 
University of Essex 
Wivenhoe Park 
Colchester 
Essex CQ4 3SQ 



Patents ADP number Of you know u) _ , ^ w _ 

Ok2^7ogi^ool, 

If the applicant is a corporate body, give the 

country/state of its incorporation 



United Kingdom 



4. Title of the invention 



A. 



TliEPATEHTOfmBl 

L I (g? 



Optical Data Signals 



-ZTJ 



i^^XTA-,,. *■.'/£ 



5 . Name of your agent Of you have one) 



"Address for service" in the United Kingdom 
to which all correspondence should be sent 

(including postcode) 



Sanderson &J2b. 

34 Ea^^tockwell Street 
Cojdlester 



fssex 
COI 1S" 



Patents ADP number Of you know u) 




446Gef" 



( 



<3 ILL JtNUMGS <r HW 



If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and Of you know it) the.or 
each application number 



Country Priority application number Date of filing 

(if you know it) (day / month /year) 



7. If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 



Number of earlier application 



Date of filing 
(day / month /year) 



Is a statement of inventorship and of right to 
„ grant of a patejnt..^ 

request? (Answer 'Yes' if: 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body. 

See note (d)) 



Yes 



Patents Form 1/77 



Enter the number of s^B for any of the 

following items you ai^uing with this form. 
Do not count copies of the same document 

Continuation sheets of this form 0 

Description 6 

Claims 4 

Abstract 0 

. - D rawin gs A 




1 0. If you are also filing any of the following, 
state how many against each item. 

Priority documents 

Translations of priority documents 

Statement of inventorship and right 

tO grant Of a patent (Patents Form 7/77) 

Request for preliminary examination 

and Search (Patents Form 9/77) 

Request for substantive examination 

(Patents Form 10/77) 

Any other documents^ 

(Please spepifi 



11. 



Sanderson 
Agents for the apj 




quest the grant of a patent on the ba^is of this application, 
ignature / Date 24J 



12. 



Name and daytime telephone mHrfber of 
-person to contact in the Upk€d Kingdom 



Francis C. Gillam 01206 571187 



Warning 

After an application for a patent has been filed, the Comptroller of the Patent Office will consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1 977. Y ou 
will be informed if it is necessary to prohibit or restrict your invention in this way. Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
written permission from the Patent Office unless an application has been filed at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked. 

Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 0645 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this from, please continue on a separate 
sheet of paper and write "see continuation sheet" in the relevant part(s). Any continuation sheet should be 



" attached WihTsfdrm. ™ ~" ^ ~ 

d) If you have answered 'Yes ' Patents Form 7/77 will need to be filed. 

e) Once you have filled in the form you must remember to sign and date it. 
J) For details of the fee and ways to pay please contact the Patent Office. 



Patents Form 1/77 



^ r - 1 ■ ■ 

OPTICAL DATA SIGNALS 

This invention relates to a method of encoding control information on an 
optical data signal, to a transmitter configured to encode such information, and 
to a method of modifying or removing control information carried by an optical 
data signal. - - 

In an all-optical packet-switched network, the signal remains in the 
optical domain from source to destination. In these networks, wavelength 
converters will be an enabling technology for dynamic routing of optical packets 
through the network and for resolving contention within the switching nodes. 
The routing control is a critical function; the packets of data have a routing tag 
or header and the ability dynamically to update or modify the routing tag/header 
is essential in certain types of network architectures. This functionality must be 
performed with minimal impact on the optical payload and several techniques 
for achieving this have been previously proposed. 

7" The present invention aims at providing a particularly effective technique " 
permitting the modification of control tags or headers associated with packets 
transmitted through an optical network, which technique has a minimal effect on 
the data itself. 

According to one aspect of this invention, there is provided a method of 
encoding control information on an optical data signal to be transmitted through 
an optical network, comprising operating an optical source to generate a 
substantially coherent continuous-wave light beam, amplitude-modulating the 
light-beam with a data -stream -to- produce -an -optical-data signal-and-also- 




modulating the data signal with control information, using a substantially 
constant amplitude modulation technique. 

According to a second aspect of this invention, there is provided an 
optical data signal transmitter adapted to encode control information on an 
optical data signal ~to~ be transmitted through an optical network, which 
transmitter comprises an optical source arranged to generate a substantially 
coherent continuous-wave light beam, an amplitude-modulator which 
modulates said light beam with a data stream to produce an optical data signal, 
and a substantially constant amplitude modulator arranged also to modulate the 
data signal with control information, using a non-amplitude modulation 
technique. 

A third aspect of this invention provides a method of modifying control 
information carried by an optical data^ signal transmitted through an optical 
network, comprising the steps of encoding the control information on the optical 
signal I in a non-amplitude va be associated with a stream of 

data, transmitting the optical signal to a traffic processor, reading and decoding 
the control information and then deciding upon the routing of the stream of data 
depending upon the decoded information, and passing the optical data signal 
through a wavelength converter based on a semiconductor optical amplifier 
thereby simultaneously removing the control information. 

It will be appreciated that the present invention relies on the fact that only 
intensity-modulated (IM) signals are wavelength-converted- when employing 
cross-gain modulation (XGM) in a semi-conductor optical amplifier (SOA). An 
SOA is therefore opaque to modulation formats that convey information in a 
non amplitude-varying fashion. A preferred form of the method of this invention 
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employs a subcarrier signalling format arid encodes this information on the 
polarisation of the continuous-wave light preceding the payload of an optical 
packet. The header information is extracted using direct-detection and the 
original header is removed without any additional guard bands or timing control. 



By way of example only, further details of methods of and apparatus for 
performing this invention will now be described, referring to the accompanying 
drawings, in which:- 

Figure 1 illustrates an example of an optical packet transmitter; 

Figure 2 illustrates a technique for control information decoding and 
removal; 

Figure 3a shows the header information at the input to the polarisation 
modulator and Figures 3b and 3c the output of decoder in a switching node; 
Figure 4 shows the optical spectral output after the AWG; and 
Figure 5 shows the AWG output after wavelength conversion 
Referring initially to Figure 1, a data packet is 1.6ns in duration and 
consists of a payload containing a pseudo-random bit sequence (PRBS) at 
"2.5Gbit/s, an 8-bit header and a conservative guard band of 20ns. The latter 
allows for the laser turn-on/turn-off times associated with the wavelength 
converter within the node. The header consists of a byte of 78Mbit/s non- 
return-to-zero (NRZ) data: start and stop bits for synchronisation and six data 
bits that denote the packet destination. The baseband header amplitude 
modulates a 2.7GHz subcarrier in the microwave mixer. A 5Gbit/s LiNb03 
phase modulator was used for modulating polarisation states. The linearly 
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polarised signal from the Mach-Zehnder interferometer (amplitude modulator) 
was rotated to be 45° to the principal axis of the phase modulator, and the drive 
voltage adjusted such that orthogonal polarisation states were assigned for a 
peak and trough of the subcarrier cosine. An erbium-doped fibre amplifier 
~TEDFA)limplffi^fier^ultir^Qnair 

At the switching node (Figure 2), the optical signal is filtered by the de- 
multiplexer (X 3dB = 1.8nm) and the tap coupler directs 10% of the signal to three 
polarisers via an optical splitter. (This may be implemented using a Stokes 
Analyser). The polarisers are arranged to pass horizontally polarised light 
through one arm, polarisation states at +45° to the vertical through a second 
arm, and right hand circular through the third arm. In this way, the incoming- 
polarisation-modulated* subcarrier -will always result in an- amplitude-varying 
component at 2.7GHz at the output when^a "one" is received for all evolutionary 
states of the signal. After optical to electrical conversion (O/E), each of the 
signals are band-pass" filtered -(f c -= 2:7GHz, f^e = 1 20 MHz), rectified using a~ 
microwave mixer and filtered using a low-pass filter (f 3dB = 50MHz). The sum of 
the components is the recovered header. 

The control electronics process the baseband header information to 
determine the wavelength to which the payload is to be converted. After 
passing through an optical delay equal to the electronic processing time (50ns), 
the signal is coupled into the wavelength converter using an optical circulator. 
Cross-gain '-modulation in a SOA is used -to translate the wavelength of the 
packet-to— 1552nm : — To~obviate~the-~need-for-an-output filter, -a -counter- 
propagating arrangement is employed, and the input/output wavelengths are 
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chosen to lie in the stop-and pass-bands of the arrayed-waveguide grating 
(AWG). In this way, very high rejection of the residual input signal, due to the 
SOA residual facet reflectivity, is achieved. 

To demonstrate the principle of operation, alternate packets may be 
5 encoded with a "10101001" header."" Within "the switching hoder a loo 

is updated at the start of the process to direct such packets to output port 1 of 
the AWG by activating the 1552nm laser at the appropriate time. Figure 3a 
shows the header signal at the input to the polarisation modulator after up- 
conversion in the microwave mixer. The output of the optical packet generator 
10 is fed directly into the optical switching node arrangement. The polarisation 
controller at the input of the header receiver allows the state of polarisation of 
the signal to be adjusted in order to present a variety of polarisation states to 
the receiver. 

The decoded signal at the output of the electrical combiner in the 

15 -switching node is shown in Figure 3b. -To observe- the effects of pattern- 

dependence, a 2 23 -1 PRBS sequence was transmitted and the resulting data 
eye is shown in Figure 3c. 

Figure 4 shows the routed packets at output port 1 of the AWG after 
wavelength conversion. The residual input signal at 1554.4nm is suppressed to 
20 more than 45dB less than the converted signal, and the time-domain plots are 
illustrated in Figure 5. Owing to the inverting nature of the SOA, the header is 
extinguished and no polarisation to amplitude conversion is visible (lower 




Confirmation of suppression of the header can be obtained by feeding 
the output of the wavelength converter to a header decoder; tests have shown 
that no residual header could be observed. 

By increasing the bandwidth of the band-pass filter, the header can be 
transmitted at a higher bit-rate: -Alternatively, the header data aggregate can be 
increased by employing frequency division multiplexing of additional subcarrier 
signals. 

For optical packet-switched networks where polarisation scrambling is 
required for the high bit-rate payloads, and the described technique of this 
invention may easily be implemented. In this scenario the depolarising tone, 
driving the scrambler,-, may be modulated with the inverse of the header 
information to impose the header information on to the optical packet. 

From the above, it can be seen that the invention provides a technique for 
polarisation-encoding subcarrier -multiplexed headers on -to-an-optical packetr- 
The XGM functionality of an SOA is used effectively to remove the header 
without the addition of any timing control, and without the need for a guard band 
between the header and payload. A simple direct-detection receiver can be 
used to decode the header information and all-optical wavelength conversion 
and routing of 2.5Gbit/s payloads is thereby possible. 




CLAIMS 

1. A method of encoding control information on an optical data signal to be 
transmitted through an optical network, comprising operating an optical source 
to generate a substantially coherent continuous-wave light beam, amplitude- 
modulating the light beam with a data stream to produce an optical data signal, 
and also modulating the data signal with control information, using a 
substantially constant amplitude modulation technique. 

2. A method as claimed in claim 1, wherein the control information is added 
to the optical data signal by means of a polarisation modulation technique. 

3. A method as claimed in claim 1, wherein the control information is added 
to the optical data signal by means of a phase-shift-keying modulation 
technique. . 

4. A method as claimed in claim 1, wherein the control information is added 
to the optical data signal by means of a frequency-shift-keying modulation 
technique. 

5. A method as claimed in claim 4, wherein the substantially constant 
amplitude modulation technique is applied to the optical beam before the 
modulation thereof with the data stream. 

6. A method as claimed in claim 5, wherein the substantially constant 
amplitude modulation technique is applied directly to the optical source. 

7. A method as claimed in any of claims 1 to 4, wherein following the 
modulation of the light beam with the data stream, the optical data signal is 
passed a constant amplitude modulator to which is supplied the control 
information to be applied to the optical data signal. 



... • 

8. A method as claimed in any of the preceding claims, wherein the data 
stream is applied to the light by means of a Mach-Zehnder interferometer to 
which is supplied the data stream, so as to produce an amplitude-modulated 
optical data signal. 

—5 9. A method of encoding control information on an optical data signal to be 

transmitted through an optical network as claimed in claim 1 and substantially 
as hereinbefore described, with reference to the accompanying drawings. 

10. An optical data signal transmitter adapted to encode control information 
on an optical data signal to be transmitted through an optical network, which 

10 transmitter comprises an optical source arranged to generate a substantially 
coherent continuous-wave light beam, an amplitude-modulator which 
modulates said light beam with a data stream to produce an optical data signal, 
and a substantially constant amplitude modulator arranged also to modulate the 
data signal with control information, using a non-amplitude modulation 

15 technique ^ 

11. An optical data signal transmitter as claimed in claim 10, wherein the 
optical source comprises a laser source. 

12. A method of modifying control information carried by an optical data 
signal transmitted through an optical network, comprising the steps of encoding 

20 the control information on the optical signal in a non-amplitude varying format 
so as to be associated with a stream of data, transmitting the optical signal to a 
traffic processor, reading and decoding the control information and then 
deciding upon the routing of the stream of data depending upon the decoded 



information, and passing the optical data signal through a wavelength converter 
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based on a semiconductor optical amplifier thereby simultaneously removing 
the control information. 

13. A method as claimed in claim 12, wherein further control information is 
encoded on the optical signal following wavelength conversion thereof, so as to 

5 be associated with the wavelength-converted data signal. - 

14. A method as claimed in claim 13, wherein the further control information 
is encoded on the optical signal by a substantially constant amplitude 
modulation technique. 

15. A method as claimed in claim 14, wherein the further control information 
10 is added to the wavelength-converted optical data signal by means of a 

polarisation modulation technique. 

16. A method as claimed in claim 12, wherein the further control information 
is added to the wavelength-converted optical data signal by means of a phase- 
shift-keying modulation technique. 

15 17. A method further control information 

is added to the wavelength-converted optical data signal by means of a 
frequency-shift-keying modulation technique. 

18. A method as claimed in any of claims 12 to 17, wherein the optical data 
signal comprises time-division mutiplexed data packets each of which has 

20 associated therewith individual control information. 

19. A method as claimed in any of claims 12 to 18, wherein the optical data 
signal are carried by wavelength division mutiplexed optical channels each of 
which has associated therewith individual control information. 

20. A method as claimed in claim 18, wherein the control information 
25 comprises a data header or tag for the data stream contained in each packet. 




21. A method of modifying control information carried by an optical data 
signal transmitted through an optical wavelength-multiplexed network as 
claimed in claim 12 and substantially as hereinbefore described, with reference 
to the accompanying drawings. 
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Figure 3 




Figure 4 
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Figure 5 
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